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ABSTRACT 


A  proposed  method  for  reducing  threshold  for 
perceived  motion,  by  adding  the  force  of  induced 
movement  to  true  movement,  was  explored.  Induced 
■movement  was  evidenced  by  (X)  subjects  reporting 
movement  when  no  actual  movement  occurred,  and 
(2)  the  increase  in  threshold  when  the  direction  of  its 
influence  was  opposed  to  actual  movement.  The  pre¬ 
dicted  threshold  reduction,  when  die  direction  of 
actual  and  induced  movement  were  identical,  did  not 
occur,  because,  presumably,  the  subjects  attempted 
to  compensate  for  the  influence  of  induced  movement. 
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STUDIES  ON  THE  PERCEPTUAL  THRESHOLD  FOR  MOTION 
II.  EFFECTS  OF  INDUCED  MOTION  ON  THRESHOLD  VELOCITY 


INTRODUCTION 

The  detection  of  movement  has  important  implications  in  a  number  of 
military  areas.  This  series  of  studies  has  attempted  to  isolate  methods 
which  will  reduce  the  threshold  of  perceived  motion  below  values  ordinarily 
obtained. 

The  first  report  in  this  series  (3)  examined  the  effects  of  aperture 
dimension  and  proximity  of  a  reference  line  on  motion  threshold.  The 
results  indicated  that  a  reduction  in  aperture  size  will,  for  the  smaller 
apertures,  reduce  the  threshold.  This  result,  in  turn,  appears  to  be  a 
function  of  the  distance  of  the  moving  object  from  a  reference  line,  if  the 
reference  line  is  apparent  to  the  subject. 

The  present  study  explores  the  possibility  of  applying  a  variation 
of  the  induced  motion  phenomenon  to  reduce  threshold  values. 

Induced  movement  was  first  studied  at  length  by  Duncker  (1)  who 
distinguished  it  from  two  movement  "types",  real  and  phi  movement. 

His  apparatus  for  these  studies  consisted  essentially  of  a  dot  in  a 
surrounding  frame  of  reference.  When  the  frame  was  moved,  the 
stationary  dot  appeared  to  move  in  the  opposite  direction.  This  phenom¬ 
enon  did  not  occur,  however,  when  the  subject  "referred"  the  dot  to  a 
stationary  frame. 

Additional  studies  of  induced  movement  by  Oppenheimer  (5)  were 
concerned  with  die  characteristics  of  perceptual  objects  most  likely  to 
become  the  frame  of  reference.  Koffka  (4)  summarized  this  research 
and  concluded  that  if  one  of  two  objects  had  the  phenomenal  function  of 
framework  for  the  other,  it  would  be  seen  as  stationary  while  die  other 
moved,  regardless  of  which  object  was  actually  moved. 
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VIEW  THROUGH  HOOD  PLACED  IN  FRONT  OF  THE  DISPLAY 


METHOD 


Apparatus  and  Procedure 

A  circular  black  dot,  4.76-mm.  diameter,  was  painted  on  a  sheet  of 
transparent  plastic  and  attached  to  a  movable  belt  (Fig.  1).  The  belt  was 
accelerated  at  a  constant  rate  of  .  035  cm/sec?  from  zero  velocity  to  a 
speed  at  which  the  subject  (S)  reported  it  as  moving.  A  timer  was  started 
at  the  same  moment  that  the  transparent  plastic  began  to  move.  The  S 
indicated  that  he  perceived  the  dot  as  moving  by  pressing  a  reaction  button 
that  stopped  the  belt  and  the  timer.  The  experimenter,  after  recording 
the  time  elapsed,  reset  die  timer  and  recentered  the  dot  in  the  middle  of 
the  aperture. 

The  aperture  was  8x8  cm. ,  and  the  background  was  a  white  expanse, 
interrupted  at  7. 94- mm.  intervals  by  1. 59-mm.  -thick  black  vertical  lines. 
Two  fluorescent  lamps  gave  background  illumination  of  30. 13  millilamberts 
(ml. ). 

Chin  and  forehead  rests  were  mounted  in  front  of  the  hood  to  insure 
that  Ss'  eyes  were  35. 56  cm.  from  the  display.  The  S  viewed  a  dot  in  the 
center  of  a  square  aperture  (Fig.  2).  He  could  not  see  the  rest  of  the 
apparatus. 

To  insure  light  adaptation,  Ss  viewed  the  display  for  a  minimum  of 
three  minutes  prior  to  the  first  test  trial.  During  the  adaptation  period 
instructions  were  read,and  practice  trials  were  given.  During  the  practice 
and  test  trials,  Ss  were  required  to  fixate  on  the  dot. 

i 

The  method  of  limits,  with  ascending  velocities  only,  was  used  to 
determine  the  threshold.  Descending-velocity  series  would  have  been 
influenced  by  any  motion  aftereffects.  The  background  remained 
stationary  except  in  the  induced  movement  trials,  where  it  moved  at 
a  constant  velocity  of  .271  cmvfeec. 

To  prevent  the  S  from  responding  to  the  time  elapsed  from  the 
moment  the  belt  began  moving  until  he  believed  he  should  see  motion, 
a  number  of  dummy  switches,  starting  audible  motors,  were  turned  on 
in  the  intervals  between,  and  during,  the  test  trials. 
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Fig.  2.  SUBJECT  AND  EXPERIMENTER  IN  POSITION  FOR  A  TEST  TRIAL 


Two  blocks  of  five  trials  of  each  of  die  six  conditions  (two  illuminations, 
stationary  and  moving  backgrounds,  and  two  directions  of  movement)  —  a 
total  of  60  trials  --  were  presented  to  each  S.  The  blocks  were  given  in  a 
different  randomized  sequence  for  each  S  to  minimize  any  systematic  fatigue 
or  learning  effects. 


Subjects 

The  Ss  were  24  enlisted  men  of  the  Special  Troops  Battalion,  Aberdeen 
Proving  Ground,  Md.  All  Ss  had  minimum  near  visual  acuity  scores  of 
20/20,  as  determined  by  Ortho- Rater  test.  The  ages  of  the  Ss  ranged  from 
19  to  35. 

Prior  to  the  study,  each  S  was  tested  on  a  simple  reaction  time  device. 
The  device  consisted  of  a  vertical  line  in  the  same  position  as  the  dot 
described  above.  The  line  was  tilted  from  the  vertical  to  a  45°  position 
almost  instantaneously  by  a  spring  which  simultaneously  started  a  timer. 
The  Ss  were  required  to  respond  as  early  as  possible  to  the  line  movement 
in  three  test  trials.  The  mean  of  these  test  trials  was  used  as  the  S’s 
reaction  time. 


RESULTS 

The  experimenter  recorded  the  time  that  elapsed  from  the  start  of 
the  belt's  motion  until  S  indicated  that  he  saw  the  dot  moving.  The  mean 
reaction  time  for  each  S  was  then  subtracted  from  the  time  scores,  and 
these  scores  were  converted  into  velocity  values.  The  ten  velocity  values 
for  each  experimental  condition  were  averaged  for  each  S,  and  this  mean 
value  was  used  in  the  analysis. 

After  completing  the  analysis  of  variance  for  randomized  blocks 
with  each  S  regarded  as  a  block  in  the  design  (2),  Duncan’s  Multiple 
Range  Test  was  used  to  evaluate  the  differences  between  the  means 
(Table  1  and  Table  2). 
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TABLE  1 


Analysis  of  Variance  for  Six  Experimental  Conditions 
with  24  Subjects  in  Each  Condition 


Source  of  Variance 

Sum  of  Squares 

df 

Mean  Square 

F 

Between  Conditions 

32,047.44 

5 

6,409.49 

15. 10* 

Between  Subjects 

91, 030. 86 

23 

3,957.86 

9.32*: 

Conditions  x  Subjects 

48, 804. 85 

115 

424.39 

TOTAL 

171, 883.15 

143 

*£<.01 


At  the  .  05  level  of  confidence,  there  was  no  significant  difference 
between  the  room-illuminated,  unrestricted  field-of-view  condition,  and 
the  low-illumination,  restricted  field-of-view  condition.  This  finding  was 
true  for  all  background  movement  conditions,  i.e.,  stationary,  motion 
opposite  to  dot;  and  motion  in  same  direction  as  dot. 

Increasing  room  illumination  and  providing  S  with  a  larger  field  of 
view,  with  a  presumably  stable  frame  of  reference,  did  not  influence  the 
threshold. 

There  was  a  significant  difference  between  die  two  directions  of 
background  movement.  The  threshold  was  significantly  higher  when  die 
background  and  the  dot  moved  in  the  same  direction. 

In  comparing  the  effects  of  background  movement,  irrespective  of 
direction,  a  moving  background  raised  die  threshold  over  the  values 
obtained  with  a  stationary  background.  There  isa  greater  increase  in 
threshold  when  die  background  movement  is  opposed  to  die  dot’s  direction 
of  movement  (Fig.  3). 
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(Any  two  treatment  means  not  underscored  by  the  same  line 
are  significantly  different  at  or  beyond  the  .  05  level. ) 
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Background  Background  Background 

Stationary  Moving  Against  Dot  Moving  with  Dot 


Fig.  3.  MEAN  THRESHOLD  VELOCITIES  FOR  MOVING  DOT  AGAINST 
A  STATIONARY  AND  MOVING  BACKGROUND 
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DISCUSSION 


Illuminati  on 

This  variable  was  included  to  insure  that  any  findings  about  background 
movement  would  not  be  limited  to  the  restricted  field- of- view  conditions 
commonly  used  in  investigating  perceptual  thresholds.  Duncker  (1)  found 
that  the  introduction  of  stable  frames  of  reference,  in  addition  to  the  one 
that  caused  the  induced  motion,  would  invariably  eliminate  or  reduce  die 
induced  motion  effect.  When  the  stable  frame  was  visible,  his  Ss  reported 
that  they  "referred"  the  dot  to  the  non-moving  frame.  As  a  result,  they 
did  not  see  any  movement.  However,  one  difficulty  is  that  it  is  not  always 
possible  to  predict  when  the  Ss  will  "refer"  die  dot  to  alternate  frames. 

It  is  conceivable  that  die  Ss  will  use  the  most  striking  and  ’Impressive” 
frame  of  reference  available.  Since  moving  vertical  lines  are  attention- 
getting  even  in  the  brightly  lit  room,  a  S  may  persist  in  using  diem  as  a 
reference  for  the  moving  dot.  Duncker,  however,  used  relatively  neutral 
cardboard  squares  to  create  the  induced  motion  illusion.  These  squares 
were  not  effective  when  the  S  was  able  to  see  die  entire  room  and  use  the 
more  "impressive",  stationary  walls  for  the  frame  of  reference. 


Direction  of  Movement 

The  direction  of  background  motion  significantly  influenced  the 
threshold,  and  thresholds  were  consistently  higher  when  the  direction 
of  movement  of  the  background  and  dot  were  the  same.  This  effect  could 
be  predicted  from  the  direction  in  which  induced  movement  operates,  i.e., 
die  dot  is  always  "moved"  opposite  in  direction  to  the  background's  motion. 
When  the  directions  of  the  two  movements  are  opposed  and  die  farces  of  actual 
and  induced  motion  "interfere"  with  one  another,  a  larger  amount  o t  real 
movement  is  necessary  before  a  threshold  value  is  reached.  On  the  other 
hand,  when  the  background  is  moving  in  a  direction  counter  to  the  dot's 
motion,  the  forces  of  the  actual  and  induced  motion  are  aligned  and  the 
threshold  is  lowered. 


Movement  vs.  Stationery  Background 

A  background  of  moving  vertical  lines  significantly  increased  the 
threshold,  as  compared  to  when  the  vertical  lines  were  stationary.  The 
threshold  should  be  increased  when  the  background  moves  counter  to  the 
dot  and  die  forces  of  real  and  induced  motion  are  in  conflict.  When  die 
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forces  of  real  and  induced  motion  are  identical  in  direction,  it  might  be 
expected  that  phenomenal  movement  would  be  increased  and  die  threshold 
would  be  reached  with  a  smaller  amount  of  real  movement. 

However,  an  unexpected  increase  in  threshold  occurred  when  the 
back',-  ound  moved  against  the  dot,  although  the  increase  was  not  so  large 
as  when  the  background  moved  with  die  dot.  This  result  may  be  attributed 
to  a  procedure  used  in  the  study.  For  all  movement  trials,  die  background 
remained  in  motion,  even  during  the  period  between  tests  when  the  dot  was 
not  in  motion.  This  control  was  necessary  because  Ss  might  respond  solely 
to  the  background's  motion  if  it  started  at  die  same  time  that  the  dot  was 
placed  in  motion.  Unfortunately,  this  procedureTed  to  a  number  of  reports 
that  die  stationary  dot  was  moving,  because  of  the  effects  of  induced  motion. 
The  Ss  were  cautioned  repeatedly  to  respond  only  when  they  were  certain 
that  the  dot  movet^and  this  instruction  may  have  made  diem  overly  cautious 
about  reporting  motion.  Caution  is  an  organismic  variable,  and  it  may  be 
expected  that  the  experimental  conditions  of  moving  background  vs.  stationary 
background  will  be  reflected  in  the  variances  of  die  two  groups,  with  a 
significant  increase  in  variance  far  die  moving  background  (note  discussion 
by  Edwards [2  ],  p.  110). 

The  means  and  variances  for  the  six  experimental  conditions  are 
presented  in  Table  3.  F  tests  for  homogeneity  of  variance  were  performed  ’ 
between  all  conditions,  contrasting  stationary  and  moving  background.  In 
all  four  of  die  possible  comparisons,  the  variance  for  moving  background 
was  significantly  greater  at  the  .  01  level  of  confidence.  This  finding 
supports  die  view  that  an  increase  in  caution  was  responsible  for  the 
increased  threshold  under  conditions  of  background  movement. 
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SUMMARY 


The  effects  of  induced  motion  were  added  to  actual  motion  of  a  dot  to 
ascertain  if  the  threshold  for  motion  could  be  reduced  to  levels  below  those 
ordinarily  obtained. 

Three  comparisons  were  made:  (1)  the  effects  of  a  background  of  move¬ 
ment  on  the  threshold  for  movement;  (2)  for  the  movement  trials,  a  comparison 
of  the  direction  of  movement  of  the  background  on  the  threshold,  i.  e. ,  in  a 
direction  opposite  to  or  similar  to  the  dot's  movement;  (3)  a  restricted  and 
darkened  field  of  view,  as  compared  to  an  unrestricted  view  and  a  room 
illumination  of  102.22  ml.  A  hood,  placed  in  front  of  the  display,  was  used 
to  restrict  and  darken  the  field  of  view.  This  last  variable  is  of  interest, 
as  Duncker  (1)  had  found  that  inclusion  of  stable  frames  of  reference  in  the 
field  of  view  reduced  the  induced- motion  effect. 

Room  illumination  and  field  of  view  had  no  effects  upon  threshold.  A 
moving  background  resulted  in  sizable  induced-motion  effects,  which  served 
to  raise  the  threshold  when  the  induced  motion  was  opposed  to  the  actual  motion. 
When  the  directions  of  the  actual  and  induced  movement  were  the  same,  the 
threshold  was  also  increased.  An  explanation  in  terms  of  the  Ss ’caution  in 
reporting  motion  was  offered  to  account  for  this  last  result. 
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U.  S.  Army  Detroit  Arsenal 
Warren,  Michigan  X 

Commanding  General 

U.  S.  Army  Tank- Automotive  Command 

Warren,  Michigan 

ATTN:  SMOTA-RRS  1 


Commanding  General 
U.  S.  Army  Weapons  Command 
Rock  Island  Arsenal,  Illinois 
ATTN:  AMSWE-TE 

AMS  WE-  9310-TS 


U.  S.  Army  Leadership  Human  Rsch  Unit 
P.  O.  Box  787 

Presidio  of  Monterey,  Calif.  1 

Commanding  Officer 

Medical  Equipment  Development  Lab 

Fort  Totten 

Flushing  59,  New  York  X 

Commanding  Officer 

U.  S.  Army  Research  Office 

Box  CM,  Duke  Station 

Durham,  N.  C.  X 

Commanding  Officer 
Yuma  Test  Station 
Yuma,  Arizona 

ATTN:  STEYT-CPP  . 


Headquarters  . 

U.  S.  Army  Electronics  RAD  Laboratory 

Fort  Monmouth,  New  Jersey 

ATTN:  SELRA/GDA  1 

Commanding  General 
U.  S.  CONARC 

Fort  Monroe,  Virginia  1 

CONARC  liaison  Office 
Aberdeen  Proving  Ground,  Md. 

Bldg.  400  1 

Commanding  Officer 
Diamond  Fuze  Laboratories 
Washington  25,  D.  C. 

ATTN:  Tech  Reference  Sec  I 

Commanding  Officer 
Directorate  of  Medical  Research 
Edgewood  Arsenal,  Md. 

ATTN:  Psychol  A  Human  Eogr  Br  1 
USA  Environmental  Hygiene 

Agency  2 

Commanding  Officer 
U.  S.  Army  Munitions  Command 
Frankford  Arsenal 
Philadelphia  37,  P*. 

ATTN:  SMUFA- 1031/65- 1 

(HF  Eogr  Br)  1 

Library  (Bldg.  40)  1 

Commanding  Officer 
U.  S.  Army  Munitions  Command 
Pica  tinny  Arsenal 
Dover,  New  Jersey 

ATTN:  AMSMU-VC2  (Mr.  P.  Strauss)  1 

Director  of  Research 
Training  Methods  Division 
Human  Resources  Research  Office 
300  North  Washington  Street 
Alexandria,  Va.  X 

Commanding  General 
Quartermaster  Rsch  A  Bngr  Ctr 
Natick,  Mass. 

ATTN:  Environmental  Protection 

Research  Division  1 

Commanding  Officer 
Springfield  Armory 
Springfield,  Mass. 

ATTN:  LWDB  (PC)  1 

Director,  Walter  Reed  Arm,/ 

Institute  of  Research 

Walter  Reed  Army  Medical  Center 
Washington,  D.  C. 

ATTN:  Neuropsychiatry  Div.  J 


Commanding  Officer 
Watertown  Arsenal 
Watertown  72,  Mass. 

ATTN:  AMXMR-9251  1 

Commanding  Officer 

Watervliet  Arsenal 

Water\liet,  New  York 

ATTN-'  SWEWV-RDD  (Mr.  Waugh)  1 

Commanding  General 
White  Sands  Missile  Range 
Las  Cruces,  New  Mexico 
ATTN:  Technical  Library  1 

Mr.  R.  Courtney  1 

Ord  Liaison  Office 

Army  Combat  Dev  Experimentation  Ctr 
Fort  Ord,  Calif. 

ATTN:  LtColM.  D.  Burkbead  1 

Commanding  General 

U.  S.  Army  Combat  Development  Command 

Ft.  Belvoir,  Virginia 

ATTN:  CDCRE-C  (Dr.  M.  I.  Kurke)  1 

U.  S.  Army  Arctic  Test  Board 
U.  S.  Army  R&D  Office,  Alaska 
APO  731,  Seattle,  Washington 
ATTN:  Dr.  Emmoran  B.  Cobb  1 

U.  S.  Army  R&D  Office,  Rsnama 
P.  O.  Drawer  942 
Ft.  Clayton,  Canal  Zone,  Panama 
ATTN:  Dr.  D.  A.  Dobbins  1 

U.  S.  Military  Academy 
MP&L 

West  Point,  New  York 

ATIN:  LtCol  H.  A.  Buckley  1 

Technical  Library 
Aberdeen  Proving  Ground,  Md. 

Bldg.  313  1 

Technical  Library,  Branch  *3,  DfcPS 
Aberdeen  Proving  Ground,  Md. 

Bldg.  400  l 

Hq,  USA  Medical  R&D  Command 
Main  Navy  Building 
Washington  25,  D.  C. 

ATTN:  NP  &  PP  Rsch  Br  1 

Commanding  Officer 
Naval  Research  Laboratory 
4th  &  Chesapeake  Sts, ,  S.  W. 

Washington  25,  D.  C. 

ATTN;  Code  5120  Engr  Psychol  1 

Code  5143A  Sys  Analysis  1 


Commanding  Officer  &  Director 
Naval  Training  Devices  Center 
Port  Washington,  Long  Island 
New  York 

ATTN:  Dr.  Kenneth  Thompson  1 

Commanding  Officer 

Office  of  Naval  Research  Br  Ofc 

495  Summer  Street 

Boston,  Mass. 

ATTN:  Dir,  Bibliographical  Service 
fro). ,  Inst,  for  Appl.  Exper. 
Psychol,  North  Hall 
Tufts  College  ‘ 

Medford  55,  Mass.  1 

U.  S.  Navy  Electronics  Laboratory 
San  Diego  52,  Calif. 

ATTN:  Ch,  Human  Factors  Division  1 


RADC  (RASH) 

Griffis s  AFB,  New  York  1 

Hq  BSD  (ESAT) 

L.  G.  Hsnscom  Field 

Bedford,  Mass.  1 

AMD  (AMA) 

Brooks  Air  Force  Base,  Texas  1 

6570  AMRL  (MRP) 

Wright- Patterson  AFB,  Ohio  2 


Civil  Aeromedlcal  Research  Institute 
Federal  Aviation  Agency 
Aeronautical  Center. 

P.  0.  Box  1082 
Oklahoma  City,  Okla. 

ATTN:  Psychol  Br  1 

Defense  Documentation  Center 
Cameron  Station,  Va,  10 

Office  at  Technical  Services 
Department  of  Commerce 
Washington  25,  D.  C. 

ATTN:  Acquisitions  Section  2 

Dr.  William  Lybrand 

Special  Operations  Research  Office 

The  American  University 

1405  Massachusetts  Ave. ,  N.  W. 

Washington  16,  D.  C.  1 

Serials  Unit 
Purdue  University 

Lafayette,  Indiana  1 

University  of  Michigan 

Ann  Arbor,  Michigan 

ATTN:  Dr.  Leonard  Uhr  1 


American  Institute  for  Research 
1808  Adams  Mill  Road,  N.  W. 
Washington  9,  D.  C. 

ATTN:  ).  T.  Hudson  1 

American  Institute  for  Research  - 
410  Amberson  Avenue 
Pittsburgh  32,  Rt. 

ATTN:  Library  1 

American  Institute  for  Research 
8  West  41st  Avenue 
San  Mateo,  Calif. 

ATTN:  Librarian  I 

American  Machine  &  Foundry  Co. 

11  Bruce  Place 
Greenwich,  Conn. 

ATTN:  Human  Factors  Supv  1 

The  Franklin  Institute 

20th  St.  &  Ben  Franklin  Parkway 

Philadelphia  3,  Ra. 


ATTN:  Electrical  Engr  Library  1 

ITT  Laboratories 

500  Washington  Avenue 

Nutley  10,  New  Jersey 

ATTN:  Human  Factors  Group  1 

Martin  Company 

Life  Sciences  Dept. ,  Engineering  Dlv. 
Baltimore  3,  Md. 

ATTN:  Dr.  Carl  C.  Clark  3 

The  Research  Analysis  Corporation 
6935  Arlington  Road 
Bethesda,  Md. 

ATTN:  library  1 

Ritchie  &  Associates,  Inc. 

44  Ludlow  Street 

Dayton  2,  Ohio  1 


Dr.  D.  W.  Conover 
Mail  Zone:  6-169 
General  Dynamics/Convair 
P.  O.  Box  1950 

San  Diego  12,  Calif.  1 

Mr.  Wesley  E.  Woodson 

Mail  Zone:  594-50 

General  Dynamics/Aatronautlca 

5001  Kearny  Villa  Road 

San  Diego  11,  Calif.  j 

Hughes  Aircraft  Company 
Florence  Ave.  at  Teal  St. 

Culver  City,  Calif. 

ATTN:  Engineering  library  1 

United  Aircraft  Corporate  Systems  Center 
1690  New  Britain  Avenue 
Farmington,  Conn. 

ATTN:  Human  Factor  Engr, 

(Mr.  L.  Bricker) 


1 


Accession  No 


